Estimates of the carbon monoxide yield of their cigarettes have been obtained for 4910 smokers (68% of all smokers) in the Whitehall study of men aged 40 to 64. In the 10 years after examination 635 men died. When men smoking cigarettes with high carbon monoxide yield were compared with those smoking cigarettes with a low yield, and after adjusting for age, employment grade, amount smoked, and tar yield, the risk of death was 32% lower for coronary heart disease, 49% higher for lung cancer, and 10% lower for total mortality; these differences were not statistically significant. Among men who said that they inhaled the risk of fatal coronary heart disease was 51% lower in the high carbon monoxide group (p <0 01), while the risk of lung cancer was 75% higher.
Introduction
The search for a less hazardous cigarette has depended on identifying suspected harmful components of tobacco smoke and then reducing their concentrations. Initial interest centred on tar, and in the United Kingdom between 1960 and 1980 the sales weighted average yield for tar in manufactured cigarettes fell from 31 to 16 mg'; this decline is tending to flatten out. Concern is now moving to carbon monoxide, because of its suspected relation to cardiovascular disease2 and perhaps also to lung disease3 -5; over a similar period its yield fell only from 21 to 16 5 mg. There is growing pressure both on manufacturers to reduce the average carbon monoxide yield and on the public to prefer lower yield brands. Nevertheless, there is no direct evidence on the health consequences of such a policy. The experience of the Whitehall study is relevant.6
Methods
In 1967-9 the Whitehall study examined 18 403 civil servants aged 40 to 64. Each completed a questionnaire, which included details of current cigarette consumption and usual cigarette brand, and underwent recordings with a dry wedge spirometer. The prevalence of coronary heart disease at initial examination was assessed by the presence of "angina" and "possible infarction," as defined by the standard questionnaire.6 Electrocardiographic evidence of ischaemia was defined by Minnesota codes 1-1-3, 4-1-4, 5 1-3, or 7-1.
The tar and nicotine yields of cigarette brands were known from contemporary analyses performed by the industry, but no such data were available for carbon monoxide. Recently, however, the Government Chemist has analysed old packs of cigarettes, and from this source the carbon monoxide yields were available for the cigarettes smoked by 680I of the cigarette smokers in the study. 
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The study population was divided into three categories according to the carbon monoxide values, and analysis was based on the method of Nelder and Wedderburn.9 Mortality rates, odds ratios, and Z2 tests for trend were calculated with the fitted models.
significant. There was also essentially no association between carbon monoxide and nicotine yields (r---T-0-01). Table III shows the relations between carbon monoxide yield and various measures of smoking related disease, standardised for age and employment grade. None of the trends are significant at the 5°' level. Table I compares the smokers now analysed with those smokers in the original Whitehall study who were excluded because the carbon monoxide values of their cigarettes were not known. The present study group has a deficit of men from lower employment grades, chiefly because they were the main users of hand rolled cigarettes. During the 10 years of follow up 635 men in the present study died. The underlying cause was given as coronary heart disease (ICD 410-414) in 255 and lung cancer (ICD 162) in 90. Table II shows the relation of daily cigarette consumption to carbon monoxide yield. Higher yield brands were more popular among light smokers, 160,, of whom chose a brand yielding more than 20 mg, compared with only 1 1 0 of heavy smokers. Furthermore men who were in the lower employment grades or who reported that they inhaled tended to smoke low carbon monoxide brands.
Results and comment
The figure shows the dispersion of carbon monoxide yields and their relation to tar yields. The correlation was low (+0 05) and not The prevalence of suspected coronary heart disease tended to increase as carbon monoxide yield increased. The trend for mortality, on the other hand, was in the opposite direction, the strongest negative trend being among men free of suspected myocardial ischaemia (symptoms or electrocardiographic changes). Carbon monoxide yield was not evidently associated with the production of phlegm or with other causes of death. Table IV summarises the mortality relations in the form of odds ratios, after controlling for age, employment grade, daily number of cigarettes, and tar yield. All the models gave goodness of fit statistics indicating adequate fit to the observed data. The 95°, confidence intervals all include unity, so that again no significant effects have emerged. Nevertheless, the "best estimates" that emerge from these data are that smoking the high carbon monoxide cigarette is associated with a 320, reduction in the risk of death from coronary heart disease and a 490,, increase in the risk of death from lung cancer. The association with total and other mortality is again irregular. There was a highly significant positive association between FEVy and carbon monoxide yield of cigarettes (table VI) . Adjustment for amount smoked, tar yield, and employment grade halved the magnitude of the trend but it still remained consistent. 
Discussion
We still do not know which components of cigarette smoke are responsible for its associated cardiovascular hazard. Carbon monoxide in high concentration is a known poison and it might be argued that it should be reduced as much as possible. Nevertheless, the cardiovascular effects of long term low level exposure remain uncertain. Astrup reported that exposure to carbon monoxide produced atheroma in rabbits fed cholesterol' 0; but this may be a poor model for human disease." An association between the prevalence of arterial disease and carboxyhaemoglobin may simply indicate that the latter is a better index of exposure to tobacco smoke than reported smoking history."2 Acute exposure to carbon monoxide could impair oxygen transport to the myocardium as a result of the formation of carboxyhaemoglobin. This may explain why when men with established coronary heart disease are acutely exposed to carbon monoxide they experience a reduction in exercise tolerance." It might also explain our observed association between higher carbon monoxide yields of cigarettes and symptoms of ischaemia. Nevertheless, long term low level exposure may improve oxygen transport by causing a rise in the haemoglobin concentration,'4 and tissue adaptation may facilitate an increase of oxygen uptake.'5 Interestingly, a recent case control study '6 found no evidence that the risk of myocardial infarction in smokers is related to the carbon monoxide yield of their cigarettes.
In our analysis it was possible to separate the effects of carbon monoxide yield from the effects of tar and nicotine, because the yields of these constituents were not correlated at the time of the study (figure). Carbon monoxide yield may exert a weak effect on the prevalence of clinical evidence of established coronary heart disease (angina, history of possible myocardial infarction, and ischaemic type electrocardiographic changes). Quite the reverse is seen for death from coronary heart disease, when smokers of high carbon monoxide cigarettes have 320' less risk of dying than smokers of low yield cigarettes. Furthermore, this negative effect is increased and very significant among self reported inhalers. This contrasts with our earlier observations on tar, where among inhalers the high tar and nicotine group had a greater mortality risk than the low tar and nicotine group.7 The inverse carbon monoxide associated risk is particularly affected by smoking behaviour (as measured by self reported inhalation), perhaps by influencing the site and degree of absorption of the constituents of smoke.
Long term exposure of the lungs to carbon monoxide may contribute to the development of lung disease. Acute poisoning with carbon monoxide may cause alveolar shadowing on chest radiographs, suggesting interstitial changes3 or alterations in alveolar permeability4; but the relation of these acute changes to the development of chronic airways disease or emphysema, or both, is unknown. In our study smokers of high carbon monoxide cigarettes had the best values of FEV,, which suggests that carbon monoxide is not a major factor in chronic obstructive bronchitis or emphysema.
It has been suggested that carbon monoxide yield may predict the yield of other gases such as acrolein and hydrogen cyanide,'7 known to be toxic to pulmonary epithelium.'8 Nevertheless, it is unwise to take the health correlates of carbon monoxide yield as a guide to the effects of other gases until we know more about how their concentrations vary together in different brands.
The estimated risk of death from lung cancer was almost 50%0 greater in the group smoking high yield cigarettes, though this increase was seen only among inhalers. Possibly carbon monoxide or some associated gas phase component is responsible, although the suspected carcinogens in cigarette smoke are believed to be principally in the tar." 9 Wald has recently been unable to find any clear association between smokers' estimated carbon monoxide retention and the carbon monoxide yield of their cigarettes."0 Though there may be other explanations,2" his finding raises the possibility that carbon monoxide may have mental effects, which, like nicotine, influence inhalation and hence carboxyhaemoglobin concentrations. Such compensatory behaviour might perhaps account for the increased coronary mortality among inhaling smokers of low carbon monoxide brands.
These results provide no evidence to support the view that the smoker can reduce his risk by changing to a brand with a lower yield of carbon monoxide; indeed, total mortality was higher in smokers of low yield brands. The complexity of smoke chemistry, the variability of smoking habits, the arbitrary choice of cigarette brand, and our ignorance of the mechanisms responsible for consequent damage to health combine to make it difficult to predict the effects on health of manipulating the constitution of cigarette smoke.
Chronic otitis media with effusion (glue ear) and adenotonsillectomy: prospective randomised controlled study A RICHARD MAW Abstract A prospective study was conducted of the effects of adenoidectomy and adenotonsillectomy on established otitis media with effusion unresponsive to medical treatment. The operations were performed at random with a controlled no surgery group on a cohort of 103 children with the condition and the results assessed six weeks, three months, six months, nine months, and one year later. After adenoidectomy the rate of resolution of the condition increased from 39% at six weeks to 72% at one year; and after adenotonsillectomy the rate increased from 59% at six weeks to 62% at one year. In the no surgery group the rate increased from 16% at six weeks to 26% at one year. Compared with the no surgery group the effect of adenoidectomy alone at one year was highly significant (p <0 001), and similarly the effect of adenotonsillectomy was significant (p <0 01). There was, however, no increased benefit from the addition of tonsillectomy compared with adenoidectomy alone. Thus there was resolution of 36-46% of chronic effusions as a result of adenoidectomy.
Introduction
Otitis media with effusion, a term synonymous with chronic non-suppurative otitis media, secretory otitis media, serous otitis media, and glue ear, is one of the commonest chronic otological conditions of childhood. It results from alteration of the mucociliary system within the middle ear cleft and is frequently caused by malfunction of the eustachian tube. Serous or mucoid fluid accumulates within the cleft where there is a negative presBristol Royal Infirmary, Bristol BS2 8HW A RICHARD MAW, MB, FRCS, consultant otolaryngologist sure. It is especially prevalent in children with cleft palate and frequently occurs in association with upper respiratory tract infection and generalised disorders such as allergic rhinitis, fibrocystic disease, and ultrastructural cilial abnormalities of the mucosa of the respiratory tract. The condition presents in children as hearing loss, which may be overt or covert, presenting as educational or behavioural problems. Often, however, the hearing loss is first detected on routine screening examinations. Occasionally attention is drawn to it by frequent episodes of otalgia, which signify an acute episode of suppurative otitis media superadded to a middle ear effusion, and very occasionally presentation is with complications such as continuous otorrhoea secondary to perforation.
Treatment varies widely and is directed to the ears in the form of myringotomy and aspiration with or without insertion of a grommet; to the nose and sinuses by eradication of infection and control of allergy; and to the postnasal space and oropharynx in the form of adenoidectomy and tonsillectomy. It is removal of the adenoids and tonsils which is mainly responsible for the morbidity and mortality attached to the treatment of chronic otitis media with effusion. The main reasons postulated for adenoidectomy as a means of treatment and prevention of recurrence have centred on the size of the adenoids and their role as a focus for ascending eustachian tube infection. In addition, they are thought to alter nasopharyngeal pressure relations. The potential source of infection from the tonsils is similarly implicated. Removal of the tonsils, however, is often additionally advised with adenoidectomy on grounds which on their own merit might not prove valid for tonsillectomy.
Arguments for' 3 and against4 adenoidectomy and adenotonsillectomy for all types of disease of the middle ear have been discussed and reported at length in papers and symposia world wide.9-12 Nevertheless, given the large numbers of these operations performed for this condition, it is remarkable that so few studies have been carried out to substantiate their efficacy. Evidently the long held belief that adenoidectomy relieves recurrent acute suppurative otitis media has been extrapolated, as yet without convincing supportive evidence as grounds for the management of otitis media with effusion. The present study began prospectively in September 1979 with the specific object to evaluate randomly the effect of adenoidectomy and adeno-
